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·* 10 
·* 
43 
• 
1 1 
Miles 
' 
* 16 
* 1 1 · 
* :2"8 
16· 
. -
* 
• 
12 
* 12 
I 
*" 
Q.:. CJ 
*9 
70 
* 
13 
,. 
• 
14 
u 
~ 
H 
(j) 
~· q w 
~ 
tr:J 
\..N 
• 
N 
15 
C .. , 0 
·~ : 
~ p,ack:a.ges., <>omponents.,: et.c-.• ) listeci. i.n -.e:xh±b·i·t 3~-l.. It is b~l.ieve·d 
i = 20 1T I Prob. { Dij(t) < sij(t)} > o.99 
i = 1 / 
whe-·r.e,: .D: •• ( t:} = ci_e:rnand for it.~m i .at c·enter--·_· ,,· dil:r;--ing·-_·_. ,1. J. . . . 
cJ 
:excess ·o':f one. . '. . . 
• .. 
I· 
J 
·, 
··~ 
or c.1ri. ordea:~- ·du;ring: re:plepi_~hn1en.t. t·irne t . 
i 
.. I 
-~ 
Item 
Type 
1 
:2> 
·3 
5. 
6 
7 
8 
9· 
1.0 
ii. 
12 
:13, 
·1:4, 
15 
17 
:1:61 
·19 
2·0 
:Failure.s 
- - . . . . 
in .:Pa.st: ·ye.ar 
. -,- -_ .. -· . ·'.. ' . . ., .. - -- - . 
[2].90 
146.'0: 
14.60-
:r-7~3. o. 
: '; ,.· -
.. . .. 
·2:ijo··, 
:. ·- :· _:_q.._: -: ,, ; 
:3-5 
3.5 
3·5., 
. 3:5 
35. 
25.·· 
.... ,-· 
·2·· .--~. ," /. 
•. 
1·5· 
.. 01 
- , • 0-CJ:6. 
. ·- · ... ·.",;· 
,, ·c;: "':::_. 
•. Q0,4_ 
•• Q0.-4· .--
• '00(}2 
. . . . 
•.. ooo·rt.6 
.•. 0·006. 
... ·ooio·o.96·· 
•. •0:0.0096 
• GQO .. Q5}6 
·:·O 00·09:_Ei 
..• ,00:009:6 
.. 000068 
. . ~ . . .-. 
•' 00:.0:06:8 
,. : ·.- .. ' ... 
v_ . acfoo6:s •.... '·. . . . 
.• :000·:068 
•,. · .. ·· . . . 
-.· 
1.0 
6 
·:4 
4 
: ..... 
. !") 
. i:::_ 
·1·· 3:, 
. ,' . : 
.76 
.6 
• 09f> · 
.• ,0_:9:6: . 
• Q.96 
... Q9-6: 
.• ·Q-St6: 
.d·68· 
..• io:68 
-:~-06:S 
_.'(J68:: 
•.: ~-"-
It.-em.· 
. C()S.t . 
123 .. q·o 
:7-6:.·oo-
:3·:5 .• ioo 
2:6::.00: 
-23· .•• 0Q 
::15:2.00 
20· .• ():() 
4.0 .• '0Q . 
::6{). ·oo . 
·9.o: ·o-.--o·-·_ . 
,V: ·• . 
30 .·o.o 
:-90.0Q 
·11:5 .• 00 
1)+:5.· .• 00 
,·~ 
r 
:.1-6 
:oene·ral. 
. .. . . . ' 
act.ivity cent.et- leve:1 .. : ·,. 
.s:par:es:. 
'. 
:e __ .:_~ch :it.:e:~m and .. ,the:reffore 
... ' - .... •... .. . . - ... ' the :mi:rt.imum. c:o·st· 
..... ····- .-. .. ·-· . . . . 
---~-
·.S:i:r.rgl~ centrali z:e,d s·t.-cJ:re as; though t:.otaJL 
s:t,:ore., 
.... · ·-··· '• . . . 
:I: 
... 
set: :6:r ".P:rac·t:i. .. ca..l rep1e:t11shm.ent, tim,~, ,. n: : 
. ·. . . 
s:1.1ch that the- .service cr··iteria .is sat·is.ti.ed 
. . . . . . . . .· ~ . . . . . .. . . . . . ' . . . . . . . . . 
..,.-· 
-i.n eta.ch. case.. Practicii1 r~pl~I.Iis_hment 
I 
,. 
-~-
time.:s· are dete·rfui.ne\q. ·b:y: h·eu.:r.i:st.i·c$, .-custom . 
. . . ~ 
$ys.-t·em. con:f±-gµr·a~:t-o.n. 'YJ./~l,d:in.g: a. s:e:t of: .. • t 
' • • 
• 
. '\· 
·,. 
:ea .. ch .ls··t level invent.ory o-entr~lizatio011 
pcJi.I1:~ ·t·al{.i:rig .ave:rag:e :dem@.d ~t· t:hat inven~ . - ~ -
. 
"' 
·S·tep· 6:: When, cofi.si-derin-g th:e ·two ·1.ev~l sys·t·em., 
. . 
' 
. . 
• 
S'elect t:he: :inven~ 
. . . . I:., . ·.... -· ·. 
to.:cy c.entra.lizat:Lon arra.ngemet1t. ·that be.st: 
·-.~-
: .. ; 
• 
. •. 
/ll. 
•· 
" 
. ' 
• ••. -< 
~ ... 
• 
I 
~. ·. 
·1··8· . ' ,•· 
t th t d · t ·1· t. · ·h .. ·r· .·.o··· ·ug···, ... h. · .. } par~Er,:ers ·, a_:. are un:. 'er cqn.•ro . 
,'~·.= 
the :rar1:ge. ·of· int.e-:rest or control .• 
"f, 1oc.a:t.ion -crf t-rie' .acti.vity :c·en:t(:;rp eJtis·tirig ·and/o·r l?'l~xted.. I·rrforma--
' ~ . fu.nct·i.o:ns ·of many -va.riab:les,. s.om.e._ o~ whi:ch :rn.a;y be intangible, .. 
, . ilJP9n. to deV~:flop, ·rD,;lE{S, t.liat: sat:i·s:f~¢tori:1y ap.p·ro_x$.mate. tl1e __ :ac-tu.~1 
• 
:J: .: 
·.~ 
' I 
.o .. 
:l9 
The :op_t·i:rnal :$t:ock. ,obj(;ct:ive: point i.s .a- ·fu,n-ci:,ion o·f 
·(a)· the time· pequ.ired ·to replace the .it.·:em at 'ea;c,h 
of' de:manq £or· t.h·e it~.m, .. a.nd 
.( ·c:}. t1te i tern. :.~vai 1-ab i 1 i ty re'qui.reme.rtt·s :(tJ1~- s_,ervi.o e-
th.e· 1.oss ir1.cu.rr-.e·d due. t·o: ·un·s.atis.tied. demand.. . .. . . . ' .. • .. . . ' . . . . . ·- ·'· .· ... . . . . ' •. . .... . 
Demar1d for :eax!h .it:em is. distrib·ute·d ···Ii.ke the . .. . . . . . - . . .•.• •• .. '.- . . .. ' . . . . ; . . . 
activity· centers~ 
-~. 
:as stµned :cons·ta.r1t. :'l'rre l?otsson 'J?a.ranie.t:er for an. 
item duri·ng: :e·ach p.e:riod. is- .also a.. constant: .. 
( .. a) i3. wei.ghte~. crost or• t!ia.rry.ing inventory.~ 
(p·): a, .c·o.st of· unsati.-sfie.-cL d~mand,. ·and 
.in:ve.ntory cent·raliz:.ation l)Oint. g:i:-.e:ate:r· 
·th·an one. :, . .. . 
•tot·al :system detnan_(i: leS.:S than ·(l ,, the :replace-
:(7) The norm.~ ·:p:r:o"bab_i.lit:y dis·tr:ibut·ion. ··wit.h mean. 
A and s±;a;rn;fi;i.rd deviation ~ is a re'ason:a;'bJ:.e 
'.\ 
,:/\ 
•Th:e. eg_uati.on :t'cYr thE= expected a.a·11y· .co·st per item is.: 
(4.11) f1_(S,),'1'):::aS[IC""{Oc+IC)P{ S<Df J - AT['.I:C-(OC+IC)P{S~D} ] 
whe·re: S is the s.tock ob.j;ectiye (:st.ock on hand .and :on 
order 
X. is the .e.~ec't,ed :r:rµnib·.~r, o~ ·tailure.s .. pe:r- d~ 
. · .. 
'.~: 
'.I 
(11;-
'. (• 
• 
·re is ,_g):tilY :ir.rven.to.ry· i!o.-s:t pe-~ ::j..tem: ;., 
is· the cmntil'ative P-o.isson. ·a.-is-br:ib·ut,.·ed .- . - . - ' . . -. .. . . . ' 
. 
.· . - ' . . . . . . . . 
~AT 
:·p·{:D$8:} -=, e· 
.for T~R 
( :4 .·1_2a) 
.. ·. H 
H· :; exp . ~(T-R) 
D=S-1 
( A R)D /D! 
- AT 
·iJ;1lle ,(;fx:p_r·e·ssion 4 ... l_2a was deri.ved by· ,G9odwir1 and :Gie·se (13) in con-
·C 
repl>a;qen1e.r1t ·int~e:rvals. .. :It, h:~s- b'~'e.n .demonstrated th·at t:b.e OP.t.i:mal 
/\ Qho·i,ce of S'_:, den.ote·d. S, i-s· t11:e .±.nt:e __ ger se·lected. s-o· ··t._h.at· 
IC: > __ ........ > P 1_:_:s<n_} • oc·=rc: 1 
mittimum. agg;r-egat~ exp·ected ,cost :is s.o:ught. A :·re-a·s:on:·ab.,l·e a.p.J?:rox:L-
., 
ma.t·ion o_:r th$ _:rrµ.nimum aggre.·ga.te ezj)·e.Qt:e.d. :CiJst can be ac:hieved. by 
I. 
/ 
,22 
Simple- ma.r'.lipulat·t-.o·n of i-n.etiuali ty 4 .13 y±>e.l-ds 
P D~ S - 1 < OC 
1 - P D $ S - l } - IC < 
P. n< s · 
-
1 - p. D ~ S · 
' 
Then for ·e:i > :o and arb·itrarily small 
Nla.x. [OCJ + E Value IC 1 = Min. P · D $ S · = Servic:e :c::ttit:er~a . E +£ [ 
- [( . .. - . )E .J 
·value 1 - P . D ~ s ~ 1 - (S·_e:r·vice ·Cr1 ter1a) 2 
-Si:ttc,e i~ this proo:·I.em unsatisfied demand of any i.tetn· :·at an activity 
( ... .. .. . . .. ). E (max) 
_ Service C:rite-r:ia. · .. · 
oc - 1 ( s ·_ .•. ·_ ·c·· .• t·· ..•. · .. )E(max) IC (max) ...le . 3·· = Constant·· . ,' .. ' ·······.. . 
- erv1 ce · .· rl · ·· e.r1:a · 
as. th.e e,stimate o:r OC •. The. e_xpo.nent. 
i=K 
II 
i=l 
:rrruS:.t hold if 
·and. 
P{ JJ_. __ ... _ < S. t > Servic_-_.e, ·cr.tt:e.rla. 
·i-· if 
P { Di$ Si } =: ( Service Cri t'eria}E 
.. -, 
..... :,· 
'.-
= Con:~tant 
.. 
:,-
' ; 
I, 
•,' 
.. 
,,.: 
(\ 
·t: 
:y:Leld re·as-on::ao·1e res11lts· .. \' .M:athemat:ic,.allY·, th.e: .r-\il_e --:s_t.ates 
T ::::: 
·.· jk +· +· ,c_ -M .•.. 
. y. -J,.1.c. 
wher:e:: 
. " 
T . :Ls t_he __ -._.. :ren_··:·i.enis_-hm .. -..e.· .n ___ ·t. ·time f_o_ .. _r_·_· .. ac ___ -_t __ i_·,vi·-t_y.···· ·cente:r.s·. in· sub_-_: ,_j_k: .. l:' 
. . . . . . 
-·· gr:o:up· j served QY the, :1st .lev~:1: invent.o.:cy: c,1;:=·ntrlt'l.izat·iqr1. 
ch:,.cd.~·Gv :ar:e c:onst:~:t t,j__me :e·a.ctors .:o:f handl:Lng·, q.lstan·ct:l,: 
ar1d Pervice vol.urne... It i>"ossible', the.se con$t@-ts are 
est.ab.lish·eg imp±r-i_.cally ·by· ql;,servati.on .a.nd-/-.o~ .h.ist·ori-·c~l: 
}.f~l~ i.s ~he numbe:r ·o:f activ:ity· cient·e·rs in $-Ub -.gr·ouJP' _j ::i,r-1 
re ..-g·i:on- k~. 
\ . . 
Obviously·, th-e $a.me kind .. :(j,f· rul-~ c-otl.l:d. b.e. appl:-ie& t_.c) app.r.oxi_mate 
th.e ,rela.t:ionship b.etwee.n. 2nd and l.st .le-v;e:1 invento.ry· ce.nttt:lli.-zation 
_po:Lnt-s .• : 
·, . .,:.· 
.. 
.t 
• 
) 
.. 
·2···4 •' 
INVE,ST:IGAT·ION OF ··THE 'SAMPLE.: P·RO·BLEM· . ' . . . . ········ /". - .... -·. . . 
. ... ·: .-. . . . .. . ... . . . .. . 
'C.-·,. 
•:: •..•.. , ·10.,.. ·rt.: is als·.o· arb·it.·raxi'ly .. ,. :d.eoi.ded t.cJ lt)o!t at. t·h:e .r:e·l&t·.ive, 
th~ :i.nve.st'ig.~tion .. , a: furtl-1:er .ar;,s:um:p:t.i,on ·i~t ::made th,at ·tiie. i.nven:tqry· .. . ... 
·:poi.nt: to eac·b groU:p of .acti.vity ,c:e1:1.t,e·r.s se.rve.d p~r i.t ,. c·an :trow readily 
·be cal.Jiul.:·a.ted for ,e·ac1:i.. sys·tent .:tton:f:Lgur.ation, l( = 1,2 ,4, 7 and 3.-·q • 
gro~ps. 
·the ·filst,attce ........ . .... -·· . . . 
~'.-' 
,:r, 
~ ,, 
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EXHI13:!T ·5 -~- -l 
N·o. o:r No. §Y:f .Act:ivity 
Region Groups Cente_rs pe:r Group 
1 3 65 
1:2-0 
·7 
1 8 3! 
3 
-.a·-_·-. . 
e-· 
:1·:06: 
... - ... 
17· 
:3·8-
:2_·5 
1.7:· 
14 
63 
·79 
4·3: 
1·6·: 
2:8.-
11 
·1·2 
24 
3·3 
3: 
_3-5_. 
75: 
··7· 
5·0 
'l5: 
·2:8:: 
"l.l 
1..-5 
14 
·x.· 
Coor:dinate(Mi J 
. . . .. - .•• .. - '. - .. 
lB:5 
115: 
;9·_-5·. . ' .. 
·1·· 'Q_.5·· . : ' . . .... · 
• ... :. . 
-.5.:5.: 
:4:5· 
.29:5 
5.5 
- 1:35 
·205 
.5·5 
8:0: 
12.0 
' -· . :, .. • . 
5.C) 
.80 
,6() 
30 
l05 
140.· 
1·5:0: 
20: 
240 
40 .... . . . 
.l.7:0 
·-8.0. 
3··5--_~·-· .. ,·;;;·
.. -· ... 
:·i5:0 
:110 
.10 
y 
·Co.orci-i:_na.t e.{~-i.}. 
·20 
0 
··,:50· 
.. :£·:: .;·-~· . 
3·p.5 
1$5 
15 
35 
) .... 
:75. 
_6,:5 
'30,5 I 
.2.:5·0 
... 
,. 290 
24:o 
_;L9:Q_ 
10 
14{} 
·2,3:0. 
:8Sro 
42.'.0-
390 
5.30 
8.Q 
3·:o· 
·.60 
. 1() 
2.0 
]_,4() .. 
-17Q· 
36:0 
··~ 
I 
.-,,_ 
;, $tocking :s:rp:qJ..l_ amounts ,·o:f: thJ~· most· :expensJ;ve :items an,d l.a.r:ger 
i = N 
T 
• l = N 
(Service· Cri·tt~r·ia)Ci/~Ci 
.. . . . . . l 
P { :Di~: :-< ·S ... } > 
:l·. 
i = 1 i = 1 
i = N i = N 
P J__ Il. < . S 
1
. l > l .l f 
i = l i = l 
···t· . 
.J/. ·ems. 
• 
Ot1c,e. ac.c.omp1ished_,: it. ·become.s ·rel.ati vely e_asy to, 
This ·ti-me was ·taken t,o b:e· c·:onstant :for aCL·1 . "'"' . ·, . . . . . - . - - •' . . .. . . . . . . ~ 
t,h._rc,ugh relation:$hip With ·t·h:e. numbe.r o·f regions K afid the: 
Time = f [distar1ce .. &. ·.no:.'. ·o·r· :ac.ttv:Lty .ce.nters ] rul.e. 
(2)· .Tlte activity crenter servic.e :cr:i·t.e.ria.. All alterna.t-ive..s: -of' 
·2·-.·n 
·7 
we.re recal.cµlated with the :s:p-r.e·ad of item.. c·osts: -i._ncre.ased 
'.Trte: .... Ma.th~m..ELt i cal-Heuri-st i.c Program 
I·n genera_l, .a ·pro·gra.:gi :fupctio:nal b:io-ck d:Lagram foll:ows the , st¢p·, by· . . . . 
. . 
. ~ . 
. cal·c.hl~t:ion-$ tJ:rrough ·t·h.e se--t of·· va.ri·ou13: :;par~eter v:alue·s ·:q:i·s.cup~;ed. · ~ . 
. 
:pequi_re.:d i.n.ventocry ,;Lri.ve.s.tment anq .&a.:ily ·exp.ec.teel -C!.Qf3t .Cail i·tems , 
tot·,al sy:s:t·:em) ,. I:n addit·i:qn ... ,- :t:n";-~: min.i;mu:rtl a.ct:ual ·p·r.ob·:a.P.i:ltty C)'f having 
·to dis·pla.y- comp·l±ance wi_t:ti t-1:te s:ervic,e ¢·~it.·(:=·:r$.~ ·tirlder· e:a.c:h s:ys::teip. •'l 
-c.onfiguration i,nv·es-ti:gated. 
.?. 
I 
... 
.. 
·Coh.o:lus _i ans 
'Q.O .. · 
.J.·. 
Fj_gur.e: 5:~_-6 is.- i.nc]~,µa~:4 to :ilius.:trate the· ·a.~"tlia-1 in:rormg~-~q;n. JL-i:trli.~b-s: . ' 
$t:ep funct:ion c.1).ara:ct.er .of in·ventory inve:st::rne.nt· ,.. :~s· th:.e s:ystem 
':"· 
.:cu.lat-ions ·t:l'lat are- c·-omp·1e·t.eJy d_e.t·ermi·nist:i¢· for th.e s.et ·o,f parameters . ····· 
\. 
31 
.. ··.· le:vei :on'e· can: be :~a$i:J:~y r:edu,ce·q. t,c-J :a.pp.r·oximate'ly· on~ week, or ·i:ess, 
'B.· •• 
of· the a,;pp~Efnt :ciiff.e.r.en.ce in· JJ~r.-::f'orm-an.ce .cif tr1$, ·two methods ; a 
·p-~1;._rf=.d-s ample 't. t e::s-t· , .a,$ demorrs·.t·_r:ated: ,$.n. :{ 19 ). :, w·as +9:ut,1 on- th::e- 10 . ' . 
-. . . . 
·which.·. _i_•·.·.·.n .. ·e:a.ch :d·as'e· . . . ' ,,. . .. ' . . ,: is ._g_ .. r_·_. e_ .. ·_ at_·:_ er th,an ··t .. _· . ·=· ·3 •. 2-50· ., ·t-he value of · ., .-005: · · · · , ·. · ·• · ... ·. 
' ,, 
I 
i 
Ill 
"' 
.. 32 
. ~ . . 
exp,ec-te·d co.s·t.$:· than inverito_ry ·Met-J;toJi I.I i:s .a,c.c.e.Pt<ed •. 
als:o y:ie,Id some sy,s:tem sa.v·ittgs in. :i_:r1ventory invest·ntet1t. Eow.:eve.r, 
se:rvi:ce c::rt.terla is reduce.a.., AB· shown irt Fi:gure 5 .11_,. som~what 
.. R.e,ducing ·the $:e.rvice. :criteri .. a g·en~_r·a.J.ly- h:a.s: th.e e·x.pe .. c·t.e.:d e'ff~.-ct 
.,, 
,I 
r 
r 
33 
' 
:cri.t.eria. Du.e. t.o t.-he: w:ay thJ$.: :i:s .. ac.complish~.d, 
.a. :small ·retlu.ction in. ,s.erv:L.ce :criteria may· ·r.esult-
:5,.·3_, and :5: •. 4J- .• 
·by :appro:x:imately'· ·:5·0:%: ·b·y inflating: -~:pe: price-- .o·r.· ·ot1e :of the· i terns. 
~·· 
·,r. 
- .. -- . 
II 
I 
I 
the·re are .s_ .avi-ngs. i.n. invent·o:cy ·inve.stn1efnt ·to be gain·ea at no 1-os·s: 
.. 
. itiveritory invest:ment. ·mo·~e t·hap.: ·o.-f:f:s:et t-he ex:p·ens-'e: of' additional_ 
.t·e_p:air: ce:r.i:.te.r 'capac!:ity ,,: i-nveqf;, i·n a~ddi·t:ional :r.ep_ai.r: een·t:_e.r ca.:pa.G it,y .. . ·. 
K 
l 
2 
4 
7 
lO 
C 
TABLE 5. l. 
:RESULTS OF: .ANALYTICAL .MODEL FOR SERVICE ·cRI.TERIA = O. 99 
Level 2 to Level 1 Replenismnent time= 10, 6, 2 Da..Ys 
Item Cost Range I & Inventory Method I Only 
2 Level 
3 Level Inventory 
Inventory System System 
Tl= lO Days Tl= 6 days Tl= 2 Days Tl= R 
A 852l40 840843 828217 816235 
' 
B 660 657 654 649 
A 786550 774082 759538 754934 
B 608 604 599 603 
A· 723648 708671 691207 697898 
' 
' 
! 
B 552 547 540 555 
A 648913 632401 610069 631665 
B 524 518 508 532 
". 
A 633909 616040 589116 623676 
B 533 525 511 548 
' 0.9962 0.9962 0.9962 0.9962 
K = No. o:f level l inventories 
A= Total dollar investment in parts 
B, = TotaJ. expected daily cost 
C ·. · Minimum actual probability o:f ha.vin,g S'Q..:f:fi:cient 
stock at any activity center,: all ·K 
K 
1 
2 
4 
7 
lO 
C 
3.6 
TABLE 5 .·2 
RESULTS OF. ANALYTICAL MODEL FOR s·ERVICE CR!TERIA = 0. 99 Level 2 to Level 1 Replenishment time= 12 Days 
Item Cost Range I 
3 Level 2 Level 
Inventory System Inventory System 
Inventory Inventory Inventory Inventory Method I Method II Method I Method II 
A 858068 767504 816235 725738 
B 660 687 649 676 
A 792728 759197 754934 721689 
B 609 628 603 620 
~ 
A 730090 755020 697898 7228lO 
B 554 566 555 565 
A 656745 757259 631665 732713 
B 527 558 532 562 
A 642010 763830 623676 746671 
B 536 580 548 589 
0.9962 o .9944 ~ 0.9962 0.9944 I, ~ 
" 
·,'.. 
•., .,?:i,, "'.°' 
~' ... K = No. of level 1 invento!j.es,,;: 
A= Total dollar investment in parts 
B = Total expected daily cost 
.-c ·= Minimum actual probability of' having s·uffiqi.e,nt. 
stock at any a.ct,ivit·y center.,. ·all K 
~-
. 
.. 
K 
TABLE 5.3: 
RESULTS OF MALXTICAL MODEL FOR SERVICE CRITERIA= 0.97 Level 2 to Level 1 Replenishment time= 12 Days 
Item Cost Ran~e I 
A 
3 Level 
Inventory System 
Inventory 
Method I 
599063 
Inventory 
Method II 
2 Level 
Inventory System 
Inventory 
Method I 
559225 
Inventory 
Method II 
1.----1-------+-------+--------1--------1 
B 449 473 439 463 
A 586572 674023 551041 638252 2 ..,___...._ ______ .,__ _____ _., ______ ........ ______ ...,.. 
B 420 450 412 443 
A 597520 582806 567273 55l807 4 ...,__..,.... ______ ..,_ _____ _.,. ______ ....,. ______ _. 
7 
10 
C 
B 398 4l8 
A 571547 
B 408 426 
A 6l912l 571266 
B 433 450 
0.9919 0.9933 
K = No. of level 1 inventories 
A= Total dollar investment in parts 
B = Total expected daily cost 
394 4l4 
583775 546793 
411 426 
59985l 550952 
440 
0.9919 0.9933 
·c .::: Minimum actual probability of hayi-ng: :siif'fi·-c±e:r.r_t 
stock at any activity center,. all ,K 
" 
C 
,. 
j 
K 
1 
2 
4 
7 
10 
C 
38-
T·ABtE 5.:4 
RESULTS OF ANALYTIC.AL MODEL FOR SERVICE CRITERIA= 0.95 
Level 2 to Level 1 Replenishment time= 12 Days 
It:em r.ns t: R:=tn j7p T 
3 Level 2 Level 
Inventory System Inventory System -· 
Inventory Inventory Inventory Methoa I MP+.h llrf TT MP+.b nrl T 
A 582695 621339 543566 
B 379 405 369 
A 580422 554485 544948 
B 365 378 360 
A 571721 530708 542180 
B 358 380 358 
A 538788 509887 514089 
B 368 395 373 
A 5l2441 507747 493690 
B 387 4l6 395 
0.9898 0.9903 0.9898 
K =No.of level 1 inventories 
A= Total dollar investment in parts 
B = Total expected daily cost 
Inventory 
MP+.hnrl TT 
582223. 
395 
519658 
370 
501556 
377 
485739 
397 
488485 
423 
0.9903 
C = Min·imum act.ual probability of havi:ng Efu.ff'ici-~n..:t· 
sto.ck at a;ny activi.ty C(=nter, all K 
,J 
K 
1 
2 
4 
7 
10 
C 
39 
TABLE· 5.5_ 
RESULTS OF ANALYTICAL MODEL FOR SERVICE CRITERIA= 0.99 Level 2 to Level 1 Repleni.shment time = 12 Days 
Tt P.m r. ()~ +. R~.n cP TT 
3 Level 2 Level 
Inventory System Inventory System 
Inventory Inventory Inventory Inventory MP1t.h()r1 T MPt.hnn TT MPt.h ()(1 T 
A 1017169 923333 
B 755 789 
A 968634 916296 
B 705 727 
A 902897 914405 
B 652 664 
,.. 
A 830666 919057 
B 632 661 
A 803787 927533 
B 648 689 
0.9962 0.9944 
K =No.of level 1 inventories 
A= Total dollar investment in parts 
B = Total expected daily cost 
966700 
742 
922598 
696 
862978 
652 
799345 
637 
780049 
658 
0.9962 
MPt. h nri TT 
872459 
775 
' 
870406 
7l8 
874321 
662 
887907 
665 
905167 
699 
0.9944 
.c = Mininnim actual probability of having 
-stock at any activity center, all K 
sufficient· . ' . . . . · . .. : - ~ -• ~ 
'I 
t' 
:I 
', 
1, 
.1,' 
,, 
K 
1 
·40 
.TABLE·: 5 :• :6 
RESlJLTS OF ANALYTICAL MODEL FOR SERVICE CRITERIA = .99. Level 2 to Levell Replenishment time= l2 Days Item Cost Range I, Inventory Method I 
3 Level 2 Level 
Inventory System Inventory System t 
R= 23 Days R= l6 Deys R= 23 Days R= 16 Da.y-s 
. 
A 840l25 82l634 798372 779881 
B 660 660 649 649 
A 736451 2 ...... _ ....... , ______ ,.__ _____ __..., ______ ......., ______ ...... 
B 609 609 598 597 
0 A 712147 677921 4...---1--------t----------4i,--------+--------1 
7 
10· 
C 
B 553 553 
A 638802 6203ll 609085 
B 525 524 529 
A 624067 605576 599971 
B 534 532 
/ 0.9962 0.9962 0.9962 
K =No.of level l inventories 
A= Total dollar investment in parts 
B = Total expected daily cost 
550 
586303 
523 
575040 
534 
0.9962 
G· = Minimum actual probability of· h·aving sufficient 
s·tock at any activity center, :all K 
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EXTENS,IONS· .AND: RE.COMMENDATI·.ON:S ... ··· .. ··. . . . . ., . .. . -- . . -. _- . •'• --.. . :• .. -. .. .. .. . ,. 
man·n·e· -... : .· _· ::r._, 
Wit.hin th-e :fr:amew:o·rk ... - .. . .-. . . . . 
- . 
'Th ... 
· .. · ,at lS·· 
.. •... .• . . ··' 
:·s_ystem to respond -in a ''r~al_ worl-d~l erivii:r-onme.n.t... It woul:<t ,o;nly o.e--
e.:_conomical.J y att.racttve_ ·:·'' 
AP,PENDIX A '" ·.: .. ' .... 
:Fd.RTRAN IV "PRO.GRAM :-.. ' . . . - . . . 
t.ory sy·stem. 
. . . Th.e program uses th:~ o·pt:imum .:sto.ct: leve:J.Js ·to :calc,ulq,f.>e: total 
(spa-r:e: iJc1.rt:)- f,or- each' "a.lternati. v~, i.n·veti-tory· sys:·tern .c.on:figur~tiqr1_ ... 
.. . 
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•, . 
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C Z-STAT SUBROUTINE***FLG=O, GIVE PROB, GETZ*** FLG=l GIVE Z, GET PROB C PERFORMS SIMPSON RULE INTEGRATION OF NORMAL CURVE, ME~=O, STD. DEV.=1 
SUBROUTINE ZSTAT(PROB,Z,FLG) 
F(X)=EXP(-.5*X*X) 
SAVS=O. 
A=O. 
B=S. 
N2=250 
IF{FLG-1.)800,801,801 
801 _ B=Z 
Z=O. 
800 N=N2/2 
H={B-A)/FLOAT(N2) 
S=F(A)+4.*F(A+H) 
Sl=(S*H/3.)*0.3989423+0.S+SAVS 
Nl=N-1 
DO 2 I=l,Nl 
FI=FLOAT(2*I+l) 
SS=Sl 
S=2.*F(A+H*FLOAT(2*I))+4.*F(A+H*FI)+S 
Sl= (S *H/ 3.) *O. 39 89 423+0. 5+SA ,rs 
IF(FLG-10)802,2,2 
802 EPPS=Sl-PROB 
EPPS=Sl-PROB 
IF(EPPS)l000,1100,1200 
1000 IF(EPPS+o000005)2,1100,1100 
1200 IF(EPPS-oOOOOOS)ll00,1100,1201 
1201 ·::: A= (FI=-2 o) *H+Z 
B=FI*H+Z 
SAVS=SS-.5 
Z=A 
N2=50 
GO.~TO 800 
2 CONTINUE 
IF(FLG-1.)1100,805,805 
805 PROB=Sl 
GO TO 5 
1100 Z=FI*H+Z 
5 CONTINUE 
RETURN 
END 
. ,, 
11 
' 
I 
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C INITIALIZE ••• N=NillIBER OF ITEMS, SC=ACT CENTER SERVICE CRITERIA C RI=YEARLY INTEREST RATE, K=MAX NUMBER OF LEVEL 1 INVENTORIES C ACR=ADDITIONAL COST FOR EACH LEVEJ.., 1 INVE NrORY C M=NUMBEF. OF ACT CENTERS, Q=AVG TOTAL DEMA~D LI:MI T C TYP=ITfil-1 TYPE, CST=ITEM COST, HST=ITEM FAI IURE HIS TORY C NNT=OPTI?-fUM STOCK OBJECTIVE C ECST=EXPECTED COST PER ITEM PER DAY C Tl=REPLENISH:MENT TI}ffi FOR LE'\!EL 1 C TO=REPLENISHME'tJT TIME FOR LE,TEL 0 
C R=REPAIR TIME, T=REPLACEMENT TIME 
REAL :MAXC 
REAL LMDAT 
INTEGER, .. OU 
DIMENSION TYP(25),CST(25),HST(25) 
DIMENSION JRAY(25),MJRAY(200),DJRAY(200) 
DIMENSION NNT(25) 
DIMENSION ECST(25) 
DATA IlJ /8/ ,OU/5/ 
DATA N/20/,SC/.99/,RI/.20/,K/10/ 
DATA Tl/12o/,R/30./,T/100./ 
DATA Cl/o25/gC2/2SO./,C3/lOO./ 
DATA ACR/oOOS/,M/1000/,Q/O.l/ 
DO 500_L=l 9 N 
READ(IU,20)TYP(L),CST(L),HST(L) 
20 FORMAT(3Fl0.2) 
500 CONTINUE 
JK=O 
DO 8020 I=l, 24 
READ(IU,2002)J 
2002 FORMAT(1I10) 
JRAY(I)=J 
DO 8000 JR= 1 , "J 
JC=JK+JR 
READ(IU,2003)MJ,DJX,DJY 
2003 FORMAT(1Il0,2Fl0.2) 
DJ=DJX**2+DJY**2 
DJRAY(JC)=DJ**.5 
MJRAY(JC)=MJ 
8000 CONTINUE 
JK=JK+J 
80 20 CONTINUE 
NITW=O 
KSAV=K 
8770 CONTINUE 
WRITE(OU,5051) 
5051 FORMAT(lH ,///,' METHOD ONE',///) 
TCST=O. 
ECSTT=O. 
MAXC=O. 
SUMC=O. 
OC=O. 
BFLG=O. 
BBB=l. /FLOAT (N) 
SBI==(SC**BBB) 
'! 
58 
C ESTIMATE DAILY COST OF UNSATISFIED DEMAND AT LEVEL 0 
DO 100 I=l,N 
CI=(RI*CST(I))/365. 
SUMC=SUMC+CI 
IF(CI-MAXC)l00,100,91 
91. ', ~1AXC=CI 
100 CONTINUE 
EMAX=MAXC/SUMC 
SCI=(SC**EMAX) 
OC=(SCI/(1.-SCI))*MAXC 
SAVOC=OC 
C. CALCULATE TOP LEVEL INVENTORY 
9010 CONTINUE 
TOTIC=O. 
TOTEC=O. 
TOO=R 
TCST=O. 
ECSTT=O. 
DO 1200 I=l,N 
CI=(RI*CST(I))/365. 
IF(BFLG-1.) 9000, 9100, 9100 
9100 OC=(SBI/(lo~SBI))*CI 
9000 CGAGE=CI/(OC+CI) 
XMDA=HST(I)/365. 
IF(XMDA-Q)l235,1206,1206 
1206 FLAG=l. 
LMDAT=XMDA*R 
GO TO 1000 
1235 FLAG=l o 
LMDA T= ;0.1DA *T 
IF{LMDAT-15.)1207,1207,1000 
1207 XMDAD=XMDA*(T-R) 
XMDAR=XMDA*R 
X=EXP(-L:MDAT) 
ISS=O 
FAC=l. 
PROBl=l. 
PROB2=1.-X 
IF(PROB2-CGAGE)213,1191,1191 
1191;~ YO=l. 
PROBl=PROB2 
DO 1250 IS=l,33 
FAC=FAC*FLOAT(IS) 
Y=(Xl-IDAR**IS)/FAC 
Yl=Y+YO 
•. 
• 
'· 
, 
59 XXX=(XMDAD*(YO/Yl))-LMDAT 
Xl=Yl *EXP (XXX) 
YO=Yl 
PROB2=1.-Xl 
IF(PROB2-CGAGE)1220,1205,1205 
1220 IF(PROB1-CGAGE)l205,210,210 
1205 PROB1=PROB2 
1250 CONTINUE 
WRITE(OU,4) 
GO TO 210 
1200 CONTillliE 
TOTIC=TOTIC+TCST 
TOTEC=TOTEC+ECSTT 
SAVIC=TCST 
SAVEC=ECSTT 
CALCULATE INVENTORY FOR EACH OF K LEVEL 1 INVENTORIES FOR M(K)=J*MJ ACT CENT 
KA=O 
TTPRB=l. 
LA=O 
K=KSAV 
NN=O 
MJT=O 
MJTT=O 
2000 DO 2500 KK=l,K 
2710 MJT=O 
C J=NO. OF GROUPS OF ACT CENTERS SERiTED BY THIS LEVEL 1 INV 
C MJ=NO. OF ACT. CENTEP$ IN EACH Slffi GROUP 
C DJ=DISTANCE TO CENTROID OF EACH SUB GROUP FROM LEVEL 1 INV C Cl=.25 HANDLING TIJ-fE C2=250 MILES PER DAY 
C C3=100 ACT CENTERS PER DAY 
KC=KA+KK 
J=JRAY(KC) 
DO 2010 I .. =1,J 
LC=LA+L 
DJ=DJRAY (LC) 
MJ=MJRAY (I"'C) 
MJT=MJT+MJ 
TO=Cl+DJ/C2+FLOAT(MJ)/C3 
TPROB=l. 
TGAGE=l. 
TCST=O. 
ECSTT=O. 
C CALCULATE OPTIMUM STOCK OBJECTIVE FOR EACH ITEM (LEVEL 0) AND EXPECTED C COST PER ITEM.AND ACTIVITY CENTER FOR A GIVEN TO 
DO 2020 I=l,N 
CI=(RI*CST(I))/365. 
IF(BFLG-lo )9001,9101,9101 
9101 OC=(SBI/(lo-SBI))*CI 
9001-,. CGAGE=CI/ (OC+CI) 
LMDAT=(HST(I)/(365.*FLOAT(M)))*TO 
TOO=TO 
FLAG=2. 
GO TO 1000 
2019 CONTINUE 
2020 CONTINUE 
TOTIC=TOTIC+TCST*FLOAT(MJ) 
TOTEC=TOTEC+ECSTT*FLOAT(MJ) 
IF(TPROB-TTPRB)575,2010,2010 
575 TTPRB=TPROB 
2010 CONTINUE 
LA=LA+J 
IF(K-1)2701,2702,2702 
2702 CONTINUE 
TCST=O. 
ECSTT=O. 
• 
C CALClJLATE OPTIMUM STOCK OBJECTIVE FOR EACH ITfil1 (LEVEL 1, GROUP K) AND EXP C COST--PER ITEM AND ACTIVITY CENTER FOR A GIVEN Tl , 
DO 200 I=l,N 
CI=(RI*CST(I))/365. 
IF(BFLG-l.)9002,9102,9102 
9102 OC=(SBI/(lo~SBI))*CI 
9002 CGAGE=CI/(OC+CI) 
RATOO=FLOAT(MJT)/FLOAT(M) 
U.IDAT=(HST(I)/365.)*RATOO*Tl 
FLAG=O. 
TOO=Tl 
1000 IF(LMDAT-15.)190,190,180 
C IF ~--LMDAT IS GREATER THAN 15, APPROX. DEMAND BY NOP.MAL DISTRIBUTION 
180 CONTINUE 
PROB=l.-CI/(OC+CI) 
Z=O. 
FLG=O. 
CALL ZSTAT(PROB, Z,FLG) 
ZZ=LMDAT+Z*LMDAT**0.5 
NNT(I)=ZZ 
FLG=l. 
ZZZ=FLOAT(NNT(I)) 
Z=(ZZZ-LMDAT)/LMDAT**0.5 
CALL ZSTAT(PROB, Z,FLG) 
PROBl=l.-PROB 
' 
190 
191 
220 
205 
250 
4 
210 
213 
211 
200 
ZZZ=ZZZ+l. 
Z=(ZZZ-LMDAT)/LMDAT**0.5 
CALL ZSTAT(PROB, Z,FLG) 
PROB2=1 o--PROB 
NNT(I)=NNT(I)+l 
OC=SAVOC 
GO':TO 211 
X=EXP(-LMDAT) 
ISS=O 
FAC=l. 
PROBl=l. 
PROB2=1.-X 
IF(PROB2-CGAGE)213,191,191 
PROBl=PROB2 
DO 250 IS=l,33 
FAC=FAC*FLOAT(IS) 
Xl=X*{LJ\IDAT**IS)/FAC 
PROB2=PROBla=Xl 
IF(PROB2~CGAGE)220,205,205 
IF(PROBl~CGAGE)205,210,210 
PROBl=PROB2 
CONTINUE 
WRITE(OU,4) 
61 
FORMAT(lH ,//,' NO OPT. STOCK',//) 
ISS=IS 
NNT(I)=ISS 
OC=SAVOC 
ECST(I)=FLOAT(NNT(I))*(CI-(CI+oC)*PROB2)-LMDAT*(CI-(OC+CI)*PROB1) 
·ECSTT=ECSTT+ECST(I) 
. TPROB=TPROB*(l e=PROB2) 
TGAGE=TGAGE*(lo-CGAGE) 
TCST=TCST+(CST(I)*NNT(I)) 
IF(FLAG-1.)200,1200,2019 
CONTINUE 
I=I-1 
TOTIC=TOTIC+TCST 
TCYrEC=TOTEC+ECSTT 
MJTT=MJTT+MJT 
2500 CONTINUE 
KA=KA+I< 
YCIM=TOTEC+(TOTIC*FLOAT(K)*ACR)/365. 
WRITE(OU,2302)K 
2302 FORM:AT(lH ,//,'***** GRAND TOTALS FORK= ',I3) 
WRITE { OlJ, 2303) TOT IC, TOTEC, YCI}1, TTPR.B 
2303 FORM:AT{J.H ,' TOTIC= ',E16.9,' TOTEC= ',E16.9,' YCIM= ',E16.9,' TT lPRB= 9 ,E16.9) 
MJTT=O 
MJT=O 
TTPRB=l. 
TOTIC=SAVIC 
,, 
,· 
I' 
', 
l 
,I 
1 
,1 
r, 
I 
62 
TOTEC=SAVEC 
NN=NN+l 
GO TO (2720,2721,2722,2723,2701),NN 
2720 K=7 
GO TO 2000 
2721 K=4 
GO TO 2000 
2722 K=2 
GQ~.·:TO 2000 
2723 K=l 
GO TO 2000 
2701 CONTINUE 
C CALCULATE SAME PROBLEM USING ·r-~NTQRY METHOD TWO 
IF(BFLG-1. )9003, 910 3, 9103 
9003 BFLG=l. 
WRITE(OU,5001) 
5001~~ FORMAT(lH ,///,'METHOD TWO',///) 
GO TO 9010 
9103 CONTINUE 
CALL EXIT 
END 
* 
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"h 
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,·;c l 
.. 
\'; 
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1.00 
2.00 
3.00 
4.00 
s.oo 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19 .oo 
20.00 
2 
65 
7 
1 
120 
4 
44 
12 
7 
14 
4 
75 
7 
15 
14 
4 
38 
25 
17 
17 
10 
20 
15 
7 
16 
10 
3 
12 
10 
12 
........ •.• INPUT DATA FOR THE SAMPLE PROBLEM ·i Y-ea.rs 
45.00 3650.00 Type CdS-t ·F:ailure History 
91.00 
123.00 
76.00 
35.00 
26.00 
38.00 
23.00 
152.00 
20.00 
40.00 
60.00 
80.00 
100.00 
120.00 
30.00 
60.00 
90.00 
110.00 
145.00 
10.00 
80.00 
30.00 
160.00 
70.00 
190. 00 
60.00 
140 .oo 
70.00 
170.00 
195.00 
45.00 
145.00 
235 .oo 
20.00 
120.00 
160.00 
30.00 
130 .oo 
200.00 
20.00 
90.00 
80.00 
2190.00 
1460.00 
1460.00 
730 .oo 
731.00 
475.00 
277.00 
220.00 
35.00 
35.00 
35.00 
35.00 
35.00 
35.00 
25.00 
25.00 
25.00 
25.00 
25.00 
20.00 
150.00 
10.00 
20.00 
10.00 
40.00 
95.00 
45.00 
155.00 
345.00 
50.00 
60.00 
30.00 
50.00 
140.00 
140.00 
70.00 
50.00 
10.00 
10.00 
60.00 
120.00 
150.00 
NO • :Q:Jr :sUB:GR:OUPS· IN -RE(}I.QN: . ' . •-
. ..-· .. - . ' - . . -· .... 
I 
,,, 
1
11 
!, 
I 
I 
,I 
ii ~ 1· 
i 
r 
"64: 
11 10.00 160.00 
5 
11 50.00 150.00 
18 130.00 50.00 
15 120.00 
10 200.00 10.00 
50 30.00 50.00 
7 
3 60.00 50.00 
61 70.00 30.00 
38 120.00 10.00 
4 170.00 40.00 .II 
\' 10 140.00 50.00 ,, 
~ 12 40.00 80.00 
r 9 60.00 110. 00 
~ .. 3 
11 
I 
11 16 40.00 30.00 I 
I 
43 30.00 80.00 
28 10.00 150.00 I 
2 
9 10.00 80 .oo 
70 00.00 10.00 
3 
65 185.00 20.00 
120 115.00 
7 95.00 150.00 
4 
44 30.00 10.00 
12 160.00 20.00 
7 70.00 10.00 
14 190 .oo 40.00 
4 
75 60.00 95.00 
7 140.00 45.00 
. 15 70.00 155.00 
14 170.00 345.00 
11 
9 10.00 180.00 
12 110.00 150.00 
10 210.00 120.00 
61 140.00 40 .oo 
3 10.00 20.00 
38 so.oo 40.00 
4 100.00 110.00 
17 50.00 70.00 
38 290.00 50.00 
25 50.00 160.00 ., 
17 140.00 150.00 
,. 
' 
10 
20 20.00 140.00 
65· · 
15 120.00 140.00 
7 160.00 10.00 
16 30.00 50.00 
10 130.00 10.00 
3 200.00 10.00 
I 12 20.·00 60.00 ,,, iL :, 
10 90.00 120.00 
12 80.00 150.00 
11 10.00 160.00 
5 'I II 
!I 11 50.00 150.00 
[1 18 130. 00 50.00 
/1 
15 120.00 
10 200.00 10.00 
50 30.00 50.00 
5 
70 40.00 40.00 
9 so.oo 40.00 
43 160. 00 20.00 
16 90.00 70.00 
28 120.00 250.00 
3 
65 185.00 20.00 
120 115.00 
7 95.00 150.00 
8 
31 105 .oo 305. 00 
106 55.00 135 .oo 
17 45.00 15.00 
38 295.00 35.00 
25 55.00 75.00 
17 135.00 65.00 
14 205.00 305.00 
63 55.00 250.00 
10 
79 80.00 290.00 
43 120.00 240.00 
16 50.00 190.00 
t 28 80.00 10.00 'i 'i 
,. 
11 60.00 140.00 
' j 
I 
. 1 
12 30.00 • 230 .oo ; ~' 
22 105. 00 290.00 
33 140.00 420.00 
3 150.00 390.00 
35 20.00 530.00 
8 
75 240.00 80.00 .. 
7 40.00 30.00 
50 170.00 60.00 
15 80.00 10.00 
28 
11 
15 
14 
6 
185 
7 
14 
26 
75 
100 
11 
138 
28 
33 
38 
62 
10 
77 
73 
71 ~:. 
25 
38 
8 
166 
116 
137 
97 
77 
192 
111 
104 
355.00 
150.00 
110.00 
10.00 
10.00 
90.00 
20.00 
30.00 
250.00 
200.00 
240.00 
160.00 
190.00 
260.00 
60.00 
00.00 
180.00 
80.00 
230.00 
260.00 
500.00 
560.00 
460.00 
130 .oo 
30.00 
80.00 
360. 00 
560.00 
180. 00 
20.00 
140.00 
170.00 
360. 00 
340 .oo 
180.00 
30.00 
240.00 
470.00 
410.00 
470 .oo 
220 .oo 
310.00 
200.00 
20.00 
450.00 
60.00 
60.00 
260.00 
150.00 
530 .oo 
110.00 
30.00 
140.00 
390.00 
420.00 
280 .oo 
310.00 
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